We thank the anonymous reviewer for their thorough critique and many useful comments and suggestions. In our response, we aim to address each of the reviewer's comments and make the corresponding changes to the manuscript where necessary (red indicates sentences removed, blue indicates sentences added).
c. The reviewer questions the goal of the investigation; what does "maintain TOA-Imb balance" entail? The reviewer also queries how the TOA-Imb relates to the radiative forcing. We provide the following text in the Methods section, but also include an entirely new section S2 in the Supplementary Material in which we describe how the simulations were conducted. [L'Ecuyer et al, 2015] and EarthCare [Illingworth et al, 2015] ), albeit with +/-3 W/m 2 accuracy at present [Priestley et al, 2011; von Schuckmann et al., 2016] [e.g. Ramaswamy et al., 2001; Forster et al., 2007] e. The reviewer questions where the additional energy into the climate system in the geoSulf experiment goes, considering that temperatures decrease over time despite a net flux of energy into the system. Additionally the reviewer asks whether energy is conserved in the model. HadGEM2-CCS's dynamical core, 'New-Dynamics', does not conserve energy [Davies et al., 2005] . Instead, an energy correction flux is applied at the end of each model day as a globally homogeneous heating-rate perturbation at all levels and grid-points. However, the fact that the temperature trend in fig. 3b is negative for geoSulf is more likely due to an uneven vertical distribution of this energy gain. The following explanation is added to the text. From Fig. 3b , geoSulf exhibits a near-surface air cooling trend with respect to 2020 despite a net gain of atmospheric energy, which is likely due to an uneven vertical distribution of this energy gain.
We inject aerosol at such a rate as to maintain the top-of-the
2. HIST period -The reviewer questions the motivations behind our choice of control period (HIST: 1980 (HIST: -2005 and how this relates to the goal of our experiment. We accept that our choice of control period is arbitrary, we chose this period as the temperature change for geoSulf was approximately 0. We add the following explanation for the choice of HIST period to the text. 3. Aerosol representation -The reviewer notes that we do not discuss the sensitivity of our results to the choice of size distribution. We have addressed the same issue in our reply to anonymous referee #1, which we repeat below. Specifically, we have compared our results to Ferraro et al (2011), and discussed the likely reasons for the difference in temperature perturbations. The following is added to the Discussions section of this report. We find that sulfate induces less stratospheric warming than titania. In contrast, Ferraro et al (2011) 5. Abstract -The reviewer notes that a conclusion that we offer in the abstract is not present in the main text. Specifically, we conclude that the stratospheric heating invoked by BC is so severe as to exclude BC from being a viable candidate particle for SAI. We agree that this is a strong conclusion that should also be in the manuscript. The following has been added to the discussion.
We have shown that, although the distributions of climate changes are similar for the 3 SAI scenarios, the magnitudes of the changes differ, for instance, BC produces a substantially greater stratospheric warming signal with concomitantly greater changes to stratospheric dynamics. The severity of the stratospheric temperature changes effectively excludes BC from being a viable option for geoengineering.
6. P44L23 -The reviewer informs us of missing citations. We thank the reviewer for highlighting the missing citations which have been added to the references list (the additional citations are below). Additionally, 'Collins et al (2014) ' has been changed in the text. et al, 2001; Peters et al, 2013; Kravitz et al., 2015; Dhomse et al., 2014; Pithan and Mauritsen, 2014; Schmidt et al., 2013; Dessler et al, 2013; Gettelman et al., 2010; Niemeier et al., 2013; Liu et al., 2013; Ndour et al., 2008; Koehler et al., 2009; Weisenstein et al., 2015; Tang et al., 2014; Davies et al., 2005; Bellouin et al., 2007; Priestley et al., 2011; L'Ecuyer et al., 2015; Illingworth et al., 2015; Haywood et al., 2011; MacMartin et al., 2013; von Schuckmann et al., 2016 7. Figure 1 -The reviewer questions why the LW and SW coefficients do not agree in figure 1 . This is because the points are plotted at the middle of each spectral waveband. Further detail is provided in our reply to the anonymous reader #1 (specific response 3). The caption has been altered to include this detail.
Ramaswamy
8. P50L14 -The reviewer contends with our use of 'prolong', as in 'prolong the stratospheric lifetime', which was misused here. We replace prolong with maximise.
9. P50L23 -The reviewer notes that our method for conducting the simulations would benefit from further discussion, which we agree. We did not calculate the injection rate alterations online, this was done in stages. For detail, we simulated 20 modelyears at a time and calculated the average TOA_RFI of that period. If the average TOA_RFI exceeded a threshold (0.25 Wm -2 ), we recalculated the injection rates for that segment of time and restarted the simulation at the start of that time-period. A single ensemble member was used to obtain injection rates for each aerosol; the other 2 ensemble members were conducted later. Whether this method is applicable to a real geoengineering scenario is less certain, an 'online' algorithm would certainly be a more realistic representation of an actual geoengineering strategy. We go into further detail in specific response 5 to anonymous referee #1, which is then added to the supplement along with a schematic (Section S2 in the Supplement).
10. P53L7 -The reviewer informs us of recent research suggesting that temperature feedbacks contribute to Arctic amplification more than surface-albedo feedbacks. We thank the reviewer for this information and modify the sentence accordingly. RCP8.5 (Fig. 6a) shows the typical global warming signal of amplified warming at high-latitudes due to temperature feedbacks [Pithan and Mauritsen, 2014] and the surface-albedo feedback [e.g. Kharin et al., 2013] .
11. P54L7 -The reviewer suggests that we include the global-mean precipitation anomaly time-series in figure 3, which we think is a good idea (the revised figure is plotted below). Additionally the reviewer suggests that we provide normalised values for the precipitation in terms of the temperature anomaly (%/ o C). We add this to section 4.1.
In section 4.1 we have added the following paragraph. Fig. 3c shows the global mean precipitation anomaly with respect to the HIST period. The precipitation reduction is greater for BC than for sulfate and titania, despite the positive temperature trend in geoBC ( fig. 3b) 12. P54L9 -The reviewer questions the meaning of the following sentence: "must be ameliorated by additional SW absorption". We appreciate that this statement is ambiguous and requires elaboration. By this we mean that the SW-absorption for BC exceeds the SW-backscatter for sulfate and titania. The SW radiative perturbation at the tropopause and TOA are therefore greater in geoBC than in geoSulf and geoTiO 2 . We have modified the text accordingly. (−7.4 and −9.6 W m −2 respectively -see Fig. S6 in the Supplement).
13. P54L14 -The reviewer is unsure as to how to interpret Fig. S4 in the supplement. We agree that fig. S4 is perhaps confusing, and have decided to swap it for the following plot. Please note that when calculating the global-mean surface flux anomalies in the new plot, we found that the original values given were in error, and have now been corrected in the text (p 30054). Our analysis is not affected by these changes.
Fig. S6 2090s global/annual-mean net downward energy flux anomalies at the surface (W/m 2 ). Calculated with respect to piControl
The following additional analysis of Fig. S6 will also be added to the manuscript in section 4.3.
The reduction in surface SW flux in the RCP8.5 scenario is due to increases in water vapor [Haywood et al., 2011] . Haywood et al (2011) 14. P55L21 -The reviewer notes that the stratospheric warming under sulfate is the result of net absorption of LW radiation (less emission than absorption). We add the following detail for clarity. Sulfate predominantly absorbs in the LW and near-infra-red spectrum (Fig. 1a) . The stratospheric radiative heating in geoSulf is most pronounced in the tropical region, where sulfate absorbs outgoing LW radiation from the warm troposphere below, and then emits comparatively less radiation from the ambient cold stratosphere [Ferraro et al, 2011] .
15. P56L5 -The reviewer questions why we give the maximum sulfate-induced warming as +7 o C, when Fig. 10 contravenes this. The maximum sulfate-induced warming is calculated with respect to the RCP8.5 simulation and not to HIST, i.e. displayed in Fig. S6 in the supplement (now Fig. S8 ). We refer to Figure S6 when giving the maximum BC-induced warming.
16. P56L7 -Tropospheric has been added to tropical circulation 17. P57L11 -The reviewer notes that our analysis of the QBO modification for geoBC would benefit from a rewrite. We agree with this suggestion.
No QBO-like oscillation can be detected in the 10-year time span.
18. P57L24 -The reviewer notes parallels between our work and Niemeier et al (2013 19. P60L10 -The reviewer notes that our conclusion pertaining to the general efficacy of SAI is too definitive. We agree that the statement is a little too strong. We therefore swap "has shown" with "indicates". 
